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SUMMARY

An investigation has been made in the Langley 4~ by 4-foot super-
sonic pressure tunnel to determine the aerodynemic characteristics of a
0.04956-scale model of the Convair F~102B airplane at Mach numbers
of 1,41, l°6l, and 2,0L. Tests were made of the model equipped with a
delta wing with 15-percent conical camber and a leading-edge sweep
of 57°. Four basic body modifications and two afterbody configurations
were evaluated. In addition, limited tests were made on a canard trimmer
device and a revised vertical tail.

The results indicated that all four basic body modifications had
slightly lower values of minimum drag than the Convair F-102A configura-
tion equipped with the same 1l5-percent cambered wing., The body modifica-
tlons caused essentially no change in the static stability and lift-curve-
slope values obtained for the F-L102A.

The results for the cambered afterbody configuration indicated a
large positive shift in the value of the pitching-moment coefficient
at zero 1ift. Since the static stability was unchanged, higher values
of trim 1ift coefficient were obtained for a given elevon deflection.

A swept vertical tall having a larger area than the original delta
plan form increased the value of directional stability from 0.00094
to 0.0013 at M = 1.61 and at low angles of attack.

Except for a small increase in minimum drag, the effects of airflow
through the inlets on the aerodynamic characteristics were negligible.
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INTRODUCTION

At the request of the Air Force, the National Advisory Committee
for Aeronautics has conducted an investigation of the aerodynamic char-
acteristices of the Convair F-102B airplane in the Langley 4- by 4-foot
supersonic pressure tunnel at M = 1.l1, 1.61, and 2.01.

Tests of various arrangements of the F-102 configuration that have
been previously tested in the 4-foot supersonic pressure tunnel are as
follows: the original XF-102 (ref. 1), the YF-102 with various extended
afterbodies (ref. 2), the revised YF-102 having extended and contoured
afterbodies and a 6.4-percent conical cambered wing (ref. 3), and the
F-102A having, in addition to the improvements of the YF-102, an extended
nose, a modified cenopy, and extended afterbody fillets (ref. 4).

The F-102B configuration, for which results are presented herein, is
& nev design. The delta wing has 15-perceunt conical carber and a leading-
edge sweep of 57° instead of the 6.l4-percent conical camber and 60.1°
sweep of the basic F-102A configuration. The F-102B has a new body cross-
sectional shape; the inlets are moved rearward to the leading edge of the
wing, and the body contour is revised to improve the longitudinal area
distribution of the airplane. Several other body shapes were evaluated,
including two configurations with reflexed afterbodies. In addition, a
revised vertical tail and a canard-type trimmer were tested. It should
be pointed out that the F-102A configuration used for comparison purposes
in this text was equipped with the same 57° delta, 15-percent cambered
wing as the F-102B configurations. Most of the tests were made with the
air inlets faired closed; however, one configuration was tested at each
Mach number with inlets open and with inlets completely removed.

’

SYMBOLS

The results are presented as standard NACA forces and moments. The
data are referred to the stability-axis system (fig. 1) with the refer~
ence center of moments located at 25 percent of the wing mean geometric
chord.

The symbols are defined as follows:

Cr, 1lift coefficient, -Z/qS
Cx longitudinal-force coefficient, X/gS (-drag at B = 0°)
Cy lateral-force coefficient, Y/qS

GO
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Cp yawing-moment coefficient, N/gSb
Cy rolling-moment coefficient, L'/qSb
Cy pitching-moment coefficient, M'/qSC

X force along X-axis

Y force along Y-axis

z force along Z-axis

L' moment gbout X-axis

M' moment gbout Y-axis

N moment about Z-axis

L lift  (-2)

D drag (-X) at B =0°

q free-stream dynamic pressure

S wing area including body intercept, 1.752 sq £t

b wing span, 24.758 in.

c wing mean geometric chord, 13.43 in.

M Mach number

a angle of attack, deg

B angle of sideslip, deg

B¢ elevon deflection, deg

Cmo pitching-moment coefficient at Cy = 0
C 1ift-curve slope ﬁ at C; =0
Ly da L

L/D 1ift-drag ratio
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oC..
—_— variation of pitching-moment coefficient with 1ift coefficient
oy, at Cp =0 (static-longitudinal-stebility parameter)
3¢y,
Cn‘3 varigation of yawing-moment coefficient with sideslip a—B— at
B = 0° (static-directional-stability derivative)
Cma longitudinal control parameter, incrementel pitching-moment
coefficient due to elevon deflection
Subsecripts:
max maximom
min minimum

MODEL AND APPARATUS

A three-view drawing of the 0.04956-scale models of the Convair
F-102A (modified) and F-102B configurations, indicating the various body
modifications, is shown in figure 2. The longitudinal area distributions
(perpendicular sections) are shown in figure 3. Photographs of the
F-102B model are shown in figure 4. The geometric characteristics of the
model are presented in table I.

A1l of the models tested, including the F-102A configuration, had a
basic 570 delta wing with 15-percent conical carmber and with reflexed
tips that varied linearly from 5° reflex outboard of the elevon to 9°
reflex at the wing tip. The 15-percent conical camber was designed to
provide a design 1lift coefficient of 0.21L at M = 1.0. The F-102A model
used in the present investigation is the configuration described in ref-
erence 5 as the F-102A with the 15-percent conical camber wing. All
tests were made with wing fences installed as shown in figure 2.

Four basic F-102B fuselage configurations were tested. Body 1 had
the same nose shape, canopy, and afterbody indentation as the F-102A but
the inlets were moved rearward to the leading edge of the wing, the ver-
tical tail was moved back slightly, and the body was shortened. Body 2
was the basic version of the F-10ZB and had a new cross-sectional shape,
an improved longitudinal area distribution (fig. 3), and had the inlets
and afterbody designed for use with the Wright J67 engine. Body 2A vas
similar to body 2 but the air inlets were removed. Body 3 had an alter-
nate area distribution with an indentation for the canopy. Body 3A was
similar to body 3 but had an alternate afterbody shape to allow for the



Pratt & Vhitney J75 engine. (See fig. 2(b).) Body 4 had a cambered

afterbody shape (fig. 2(d)) to shift Cmo to a more positive value.

Body 4A was similar to body 4 but had less camber at the rear of the

fuselage. For the majority of the tests the inlets were closed by means
of faired plugs.

A comparison of the revised vertical tail and the basic vertical
tail is presented in figure 5. Details of the canard-type trimmer
investigated are shovn in figure 6. To facilitate rapid model changes,
the bodies were constructed of fiber glass and attached to & steel core.
Because of the structural limitations of the fiber glass, it was impos-
sible to attach the canards and the modified teil in a manmer to allow
testing over a full range of canard deflections and sideslip angles.
Also, the small dismeter of the afterbodies prevented the use of a bent
sting with a larger diameter for sideslip tests at angle of attack.

The models were supplied by the Air Force contractor and the inter-
nel balance and readout equipment were supplied by the NACA. Forces and
moments were measured by means of a six-component internal strain-gage
balance and indicating system. '

TESTS AND CORRECTIONS

Test Conditions

The tests were made at Mach numbers of 1l.41, 1.61, and 2.0l for
which the Reynolds numbers (based on &) were 3.41 x 108, 3.26 x 100,

and 2.82 x 106 5 respectively. The stagnation dewpoint was maintained

at -25° F or less to prevent any significant condensation effects in the
test section.

Pitch tests were made through an angle-of-attack range from about -2°
to sbout 13°. Sideslip tests were made through a sideslip angle range
from sbout -4° to 8°. Sideslip tests were made at o« =~ 1.60 and o = 5.60.

Corrections and Accuracy

The angles of attack and sideslip have been corrected for the
deflections of the sting and balance due to the aerodynamic loads. The
base pressure was measured and the longitudinal-force coefficient was
adjusted to correspond to a base pressure equal to free-stream static
pressure.
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The estimated errors in the individual quantities are as follows:

CL o @ e o o o e s o s 6 06 0 v s 060ascoecoeoeoasoeos L0006
Cyf o o o o o o o o o o o o s a oo s e ss e e oo s e s o 10,0000
Cpe e ¢ ¢ o a e oasaoaecoooococoasocossaoss +0002
C o o o e o o o s o o 0o aoooooaosoesosaocsooeoas 00004
Chi o o o e s o o o 2 s 6 0 0 o s s s o s o o6 s s s « o o o o o« *0.0002
Cy o o o o o 2 s o 6 0 o o o o o s o a oo oo oaos e e e s 00004
@y By By EE e o o o o o 0 0 06 6 o o o o o s 6 8 6 o o o o o 0.1

DISCUSSION AND RESULTS

Longitudinal Characteristiecs

Effect of body modifications on the drag characteristics.- There
were no measursble differences in minimum drag coefficient between
F-102B bodies 1, 2, and 3 (fig. 7). However, the drag level at
M = 1.41 was sbout 10 percent lower for the F-102B than for the F-102A
configuration. The addition of body camber (body 4) increased the value
of CDmin to about the level of that for the F-102A configuration. At

1ift coefficients gbove 0.25 there were no measurable drag differences
between any of the F-102B bodies tested.

The value of CD. remained essentially constant through the Mach

number range investigated. However, the drag differences between the
various configurations decrease with increasing Mach number (fig. 7).

At M = 1.k, the spread in untrimmed (L/D)y., is small with
ranges of (L/D),,, from sbout 6.1 for the F-102A to 6.4 for the F-102B
(body 2). (See fig. 8.) The (L/D)p,, OFf the cambered body lies
between these two values. At higher Mach numbers the value of (I‘/D)max

for all configurations decreases and the differences between configura-
tions diminishes. At M = 2,01, (L/D)max is about 5.0 and is essen-

tially constant for all the configurations tested, including the F-102A.

Stability amd control -characteristics.- The effects of elevon
deflection on the longitudinal aerodynamic characteristics for bodies 2,
1, and It are presented in figures 9, 10, and 11, respectively.
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There was little change in the static-stability parameter -3Cp[dCy,
or in the lift-curve slope Cy_ Dbetween the various configurations
o

tested (fig. 12). The most pronounced effect was the large positive
increase in Cp, which resulted from use of the cambered body (body X4)

vhich at M = 1.41 increased in CL%rim from 0.021 to 0.087 for &g = 0°

(fig. 13). A series of elevon deflections at M = 1.61 (fig. 9) indicate
that the control parameter Cm6 is essentially linear at a constant 1lift

coefficient over the deflection range investigated.

The longitudinal characteristics summarized in figure 12 indicate
that the addition of camber to the body resulted in a positive shift in
the trim 1ift coefficient equivalent to an elevon deflection of -5°.
This shift in C resulted in an increase in the trim 1ift coefficient

10

for a constant elevon deflection (fig. 13) with a resultant increase in
the maximum trim 1ift coefficient available and in trim (L/D)max° Both

of these effects are in a direction to improve the maneuverasbility and
altitude performance. The trim (I/D)p., Obtained for body 2 at

M= 1.61 is about 3.9 (fig. 13) as compared with the untrimmed valué
of 5.7 (fig. 8).

Effect of the canard trirmer.- A fixed canard-type trimmer (mounted
on body 1, fig. 6) was tested to determine its effectiveness as a desta-
bilizing device. The canard trimmer reduced the static-stability param-

0
eter §gg from a value of -0.180 to -0.145 (fig. 14). This reduction
L

in stability should reduce the elevon deflection required for trim and
consequently lower the trim drag. PFurther investigation of the effects
of canard deflection on the trim drag and the effect of the canard wake
on the inlet flow characteristics should be made to complete an analysis
of the overall effectiveness of the canards.

Effects of the inlets open, faired closed, and removed.- While most
of the tests were made with the air inlets faired closed (fig. %) several
runs were made at each Mach nuwber with the air inlets open and with the
air inlets entirely removed (body 2A) to determine the effects on the
external aerodynamic characteristics of modifications to the inlet. For
the inlets-open configuration a pressure-survey rake was installed at
the inlet exit and the longitudinal force was corrected for the effects
of internal flow. The data of figure 15 indicate a slightly lower value
of minimum longitudinal-force coefficient with the ajir inlets faired
closed. Still lower values of drag were obtained, of course, with the
inlets removed. A comparison of the results with inlets on and inlets
removed indicates that the addition of the inlets provides an increase
in 1ift and pitching moment.
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Lateral Characteristics

v AP d+ha Acnmom A et rrmacsan Moata AF +ha annPdoiratinn h’-l-‘h +he
¢ 01 wid€ Canard TIrilfiel .- x+&€50S 01 wde COnLiigur 1L

original vertical tail and with the canard trimmer on at o = 5.7° and
M = 2,01 (fig. 16) indicate essentially neutral directional stability.
This configuration was not tested in sideslip at o = 5.7° with the
canard trimmer removed. However,; it is not likely that the insbtallation
of the canard trimmer had any apprecisble effect on the sideslip charac-

+antattac admna +acta A +ha BTN AaanmPimmmation ot +ha cama anela af

attack and Mach number (ref. 4) indicated similar characteristics with-
out the canard. However, the effect of the canard wake on C, at

ng
higher angles of attack should be determined before an accurate estimate

of the canard effectiveness can be determined.

Effects of the inlets open and faired closed.- Fairing the inlets
closed produced no significant change in the aerodynamic characteristies
in sideslip (fig. 17).

Effect of the modified vertical tail.- Limited tests were made at
low angles of attack of the sideslip characteristics of two vertical~
tail configurations using body 1 (F-102B). These tests indicate that
for the configuration with the original vertical +tail, CnB varies from

about 0.0009% at M = 1.61 (fig. 18) to about 0.00037 at M = 2.0L

(fig. 17). The addition of the modified vertical tail increased Gy ng
at M = 1.6l to gbout 0.00130. Since no sideslip tests were made at

angles of attack higher than 5.7°, it should be pointed out that there
may be significant decreases in CnB at the higher angles of attack

(ref. U4).

CONCLUSTIONS

The results of an investigation of various modifications of a model
of the Convair F-102B airplane at Mach numbers of l.kl, 1.61l, and 2.01
have indicated the following conclusions:

1. A1l the body modifications with the exception of the ones having
reflexed afterbodies resulted in slightly lower values of minimum drag
than those for the F-1028 configuration.

2, Results for the reflexed body configuration indicated a large
positive inerement in pitching-moment coefficient at constant 1ift with
a resultant decrease in the elevon deflection required for trim.
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3. Addition of a horizontal canard decreased the static-stability
parameter from -0.180 to -0.145 at a Mach number of 2,01 without sig-
nificantly affecting the directional stability.

4, A swept vertical tail having a larger area than the original
delta plan form increased the value of directional stebility from 0.00094
to 0.0013 at a Mach number of 1.61.

5. The effects on the external aerodynamic characteristics of fairing

the air inlets closed were negligible except for a small decrease in min-
imm drag.

Langley Aeronautical Laborstory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February T, 1956,

Cornelius Driver
Aeronautical Research Scientist

Bors B Lobssns

Ross B. Robinson
Aeronautical Research Scientist

A

John V. Becker
Chief of Compressibility Research Division

Approved:
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TABIE I

GEOMETRIC CHARACTERISTICS OF THE F-102B WING AND VERTICAL TATL

Wing:

Ares (including body intercept),
'Sp m , in o o o o o ] o [ o o o -3

Mean geometric chord, in. .
Aspect ratio o ¢ ¢ ¢ o o o
Taper ratio o o o s o o o o
Airfoil section o o o « o »
Angle of incidence, deg . -
Dihedral angle, deg o o o o
Sweep of leading edge, deg .
Sveep of trailing edge, deg
Ieading-edge camber, percent

Vertical tails:
Area (exposed), sq in. . . .
Span (exposed), in. . . . .
Aspect ratio (exposed)
Taper ratio (exposed) . o
Airfoil section o ¢ o o o @

Sweep of leading edge, deg .
Sweep of trailing edge, deg

o o © o o

o o o o

o

Qo
°
©

e o o o

e o © o o o o [
Q
2

© °

- o ° o © 3 ° ° ° ©

o 0 ° L ° o [ o e o

o o o o

° o o o °

e o o o

o ° o ° o

° L] o (-3 ® o

11
¢ & © ©o © o o le752
o o 0 0 o o o 24,76
o 6 o s o o o 13.43
e o o o a o o 2.46
e o o 0 6 o o 0
NACA 0004-63(modified)
e o o o 8 o o 0
o o o o o o o 0
o o 0 0 o o o 5T
o o a 5 o a o -5
o o a o a o a 15.0

Original Revised
o o 23.45 30.15
o e 5.00 5.15
o o 1.07 0.88
o e 0 0.25
NACA 000%-65 Modified °
(modified) hexagon
o o 60 60
o -5 20
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Figure 1.- System of stability axes. Arrows indicate positive direction
of forces and moments.
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Figure 2.- Sketches of models. All dimensions in inches except as noted.

2
37 |397 /
7.66
L |
[ 5°
Fences << .—‘L
l 06
|.694v-l !
25.95 Aige |

9TE9S TS WY VOVN



20.15
290 o
5\;/

Fuselage reference line

397 -
766 - 2476
N 50
Fences
' y— 1106
169 Lt—-
I 50 u
2295 33 0°
679

(b) F-102B, body 1.

Figure 2, - Continued.
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Figure 2.- Concluded.

(4) PF-102B, bodies 4 and LA.

Dimensions for body 1 apply

except as shown.
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Figure 3.- Longitudinal area distributions (perpendicular sections) at
M= 1.0. Percent body lengths based on F-102B, body 2. All areas
are for open inlets with internal airflow ares subtracted except for
body 2A.
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(2) Air inlets open. L°87820

Figure U4.- Photograph of the Convair F-102B model.
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Figure 5.- Details of revised vertical tail.

9Td9STS W VOVN



Fuselage

vef. line

1
-

Fuselage .ref. line_ _
162 6.45/ 2.15°

Figure 6.- Details of canard trimmer.
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Figure 10.- Effects of elevon deflection on the longitudinal aero
characteristics of body 1.
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Figure 16.- Concluded.
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Figure 17.- Effects of open inlets on the aerodynamic characteristics of
body 1 in sideslip. a = 1.7°; M = 2.01.
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Figure 17.- Concluded.
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Figure 18.~ Effects of vertical-tail modification on aerodynamic charac-
teristics of body 1 in sideslip. a = 1.6%; M= 1.61.
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Figure 18.- Concluded.
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ABSTRACT

An investigation has been made in the ILangley U- by L-foot super-
sonlc pressure tunnel to determine the aerodynamic characteristiecs of
a 0.04956-scale model of the Convair F-102B airplane at Mach numbers
of 1.41, 1.61, and 2.01. Tests were made of the model equipped with
a delta wing with 15-percent conical cawber and a leading-edge sweep
of 570. FPour basic body modifications and two afterbody configurations
vere evaluated. In addition, limited tests were made on a canard trimmer
device and a revised vertical tail.



